This study explores concurrent and criterion validity of a Continuous Performance Test, the Immediate and Delayed Memory Tasks (IMT/DMT). Concurrent validity was examined through comparison with collateral measures of impulsivity, while criterion validity was assessed by comparison of groups with differing levels of impulsive behavior, those with and without disruptive behavior disorders (DBD). DBDs in the DSM-IV include conduct disorder and oppositional defiant disorder, which are both largely characterized by impulsive behaviors. We compared group performance on the IMT/DMT and several collateral measures of impulsivity between adolescent controls (n = 22) and psychiatric inpatients with a DBD diagnosis (n = 22). Data collected indicated that (1) DBD patients emitted more commission errors; (2) commission errors, but not correct detections, were significantly correlated with collateral measures of impulsivity, and (3) in posthoc comparisons, those DBD patients with histories of physical fighting emitted the greatest number of commission errors, followed by DBD nonfighters, and then controls. Similar group performance differences were observed for collateral impulSivity measures. This study supports the use of commission error rates on the Immediate and Delayed Memory Tasks as a behavioral measure of impulsivity. With further development, objective measures like these may prove useful in clinical assessment procedures and in monitoring treatment outcome.
, intermittent explosive disorder (Virkkunen & Linnoila, 1993) , and disruptive behavioral disorders of adolescence (Allen et aI., 1998; Dougherty, Bjork, Marsh, & Moeller, 2000) . Accurate measurement of impulsive behavior could improve treatment for those experiencing these disorders.
In the past, self-report measures have been the primary, and frequently the only, method for the assessment of impulsivity within a given protocol; however, the use of any single measure does not suitably account for all the variance inherent in a complex construct like impulsivity (Block, Block, & Harrington, 1974) . Thus, other modes of measurement are continuing to be developed to supplement self-report measures of impulsive behavior. Behavioral measures have excellent potential for this purpose because they measure aspects of impulsivity that are partially independent from aspects assessed through self-report (Barratt & Patton, 1983) . While selfreport instruments typically offer information regarding performance in "real world" situations over a broad time period, behavioral measures are objective and also sensitive to state-dependent changes in impulsivity. Clinically objective state-sensitive measures of impulsive behavior, therefore, could prove to be a useful addition to diagnostic batteries and assessments of medication efficacy.
Recently, attention has focused on objective computerized tasks developed to assess the severity of behavioral impairments, including behavioral dyscontrol in children (for a review, see Frick & Loney, 2000) . Clinicians and researchers alike have acknowledged the potential value of computer-based technological developments in these populations. For example, after reviewing some of these procedures Frick and Loney concluded, "several of these techniques have the potential for assessing clinically important processes that may be involved in the development and maintenance of conduct problems in youth ... [and] ... could contribute to the development of individualized treatment plans for children and adolescents with CDs [conduct disorder)" (p. 553).
Despite the apparent need for further development of these technologies, and the common tendency to interpret the results of these types of measures as representing impulsivity, relatively little research has been conducted to validate these kinds of tests as impulsivity measures. One example of this kind of technology is the Continuous Performance Test (CPT) that typically yields commission errors (responses made to stimuli other than the deSignated target stimulus), which are frequently interpreted as impulsive (Halperin, Wolf, Greenblatt, & Young, 1991; Halperin et aI., 1988; O'Dougherty, Nuechterlein, & Drew, 1984; Riccio, Reynolds, & Lowe, 2001 ; Sostek, Buchsbaum, & Rapoport, 1980; Sykes, Douglas, & Morgenstern, 1973; Sykes, Douglas, Weiss, & Minde, 1971; Wohlberg & Kornetsky, 1973) . Validation studies of this type of CPT performance have generally focused on very young children or severely impaired patients, while studies testing higher functioning groups have commonly failed to find differences in commission error rates. This suggests that these measures may not be sufficiently difficult and are therefore insensitive to individual impulsivity differences in higher functioning samples (Cornblatt & Keilp, 1994; Dougherty, Moeller, et aI., 1999) . There remains a need for studies examining differences in response characteristics using methodologies sensitive to older or higher functioning groups. The current study is one in a series of studies that have found differences in response characteristics in these higher functioning populations using a more difficult version of the CPT, the Immediate and Delayed Memory Tasks (IMT/DMT; Dougherty, 1999; Dougherty, Moeller, et aI., 1999; .
Unlike many versions of the CPT, the IMT/DMT uses a more restrictive criterion to define commission errors, which may be more indicative of impulsive behavior (Dougherty, Bjork, et aI., 2000) . This task includes two types of nontarget stimulus items: those that are similar and those that are unrelated to the target. Responses to stimuli very similar to targets are thought to result from anticipatory or incomplete processing of the stimulus leading to a rapid, but incorrect, response. It is these more restrictive types of commission errors that are elevated in adults following consumption of alcohol (Dougherty, Marsh, Moeller, Chokshi, & Rosen, 2000; Dougherty, Moeller, et aI., 1999) , in women self-rated as higher in trait impulsivity (Marsh et aI., 2002) and in those with certain psychiatric diagnoses defined, in part, by impulsivity, such as bipolar disorder (Swann, Anderson, Dougherty, & Moeller, 2001) or borderline personality disorder (Dougherty, Bjork, Huckabee, Moeller, & Swann, 1999) . While the IMT/DMT has been demonstrated to be a sensitive measure of impulsive responding in adults, we are continuing to extend our validation of these procedures to include adolescent groups.
In the present study we test criterion validity of the IMT/DMT with adolescents diagnosed with the disruptive behavior disorders (DBD) of either oppositional defiant disorder (ODD) or conduct disorder (CD). We selected DBD as a criterion group because impulsiveness has been an important factor in explaining these common childhood conditions (Loeber, 1990; Quay, 1988; Schachar, Tannock, & Logan, 1993) . Gorenstein and Newman (1980) included CD in a constellation of "syndromes of disinhibition" which they proposed to have a common foundation of disinhibited, impulsive behaviors. Windle and Windle (1993) pOinted out that externalized disinhibition is a main feature of CD, and Milich and Kramer (1984, p. 57) noted that "impulsive behavior is considered an associated feature" of DBDs. Patients with these diagnoses have also been shown to score higher on self-report measures of impulsivity (Daderman, 1999; Tranah, Harnett, & Yule, 1998) . Further, in one previous study of adults with childhood histories of CD, IMT/DMT commission error rates were elevated relative to controls (Dougherty, Bjork, et aI., 2000) . Given the relevance of impulsivity to DBDs, we sampled patients with these diagnoses to assess whether their performance on the IMT/DMT would be significantly discriminated from healthy controls.
Concurrent validation for this investigation was tested through comparison of the IMT/DMT with additional measures related to impulsivity. Specifically, the Barratt Impulsiveness Scale (BIS; Patton, Stanford, & Barratt, 1995) , the Trail Making Test (Army Individual Test Battery, 1944; Reitan, 1958) , and the Time Estimation task were compared to IMT/DMT performance. The BIS is a widely administered self-report questionnaire with subscales of nonplanning, motor, and attentional impulsiveness. The Trail Making Test involves the sequencing of cognitive and behavioral events, while Time Estimation depends on "cognitive tempo," both of which are important aspects of the impulsivity construct (Barratt & Patton, 1983) . Previous reports of impulsive or impulsive-aggressive samples indicated that these groups score higher on the BIS (Dougherty, Bjork, et aI., 2000; Mathias & Stanford, 1999; O'Boyle & Barratt, 1993) , take longer to complete (Barratt & Patton, 1983; Gansler et aI., 1998) or emit more errors (Stanford, Greve, & Gerstle, 1997) on the Trail Making Test, and produce shorter estimates of elapsed time (Barratt, 1981; Lawrence & Stanford, 1999) . Previous CPT research has used the Trail Making Test for the purpose of concurrent validation and has found moderate associations between these tasks (correlations ranging from .26 to .34; Kardell, 1994, and Robins, 1992 , as cited in Riccio et aI., 2001) . Because of the restrictive definition of commission errors and other task parameters unique to the IMT/DMT (e.g., timing, inclusion of a delay condition), we expected stronger associations with these collateral measures that have been previously been related to impulsivity.
Based on previous reports regarding the role of impulsivity in DBDs, it was hypothesized that the patients will emit more commission errors during the IMT/DMT than controls will. Previous reports (e.g., Milich & Kramer, 1984; Wiehe, 1987) have emphasized the importance of intellectual functioning as a partial determinant of impulsive behavior, therefore IQ scores were also estimated to determine the role of IQ in mediating impulsive responding. However, based on previous research with the IMT/DMT (Dougherty, Bjork, et aI., 2000) , IQ was expected not to significantly mediate the predicted group effects. We also predicted that IMT/DMT commission errors would be positively associated with Barratt Impulsiveness Scale scores and Trail Making Test completion time, and negatively correlated with Time Estimation duration.
Materials and Methods

Participants
Inpatients (n = 22), ages 13-17, were recruited from an adolescent unit of the Harris County Psychiatric Center, Houston, TX. The average length of stay on the unit was 9 days, although testing was conducted within the first 2 days following admission. A patient was offered study participation if the clinical care team determined that hospitalization was due to significant impulsive behavior (e.g., aggression toward people/animals, fire setting, destruction of property, theft, or other serious violation of rules), and/or the behavioral history obtained by clinical staff was suggestive of either oppositional defiant disorder or conduct disorder (standardized diagnostic procedures used to confirm DBD diagnosis are discussed later in this section). Patients were excluded if there was evidence of (1) a primary admission diagnosis of a psychotic disorder, (2) mental retardation (IQ < 70), or (3) a neurological or seizure disorder. Patients were also excluded if (4) informed consent could not be obtained from a legal guardian, or if the patient was (5) currently taking sedativehypnotic medication (due to the potential confounding effects on motor control and memory). Because this study was not to interfere with the treatment regimen and we were interested in greater generalizability of our results, medications (other than sedative-hypnotics) were not withheld and were not an exclusionary criterion.
Adolescent controls (n = 22) were recruited from the community using newspaper advertisements targeted toward parents of adolescents. Responding parents completed a telephone interview regarding the behavioral and medical history of the child. The parent and adolescent were invited to visit the laboratory for an interview if the parent reported none of the following events in their teenager: (1) visits to psychologists for problems at home or school, (2) placement in special education, (3) diagnosis of ADHD, (4) medication use for behavioral or emotional problems, (5) arrests or placement into juvenile custody, (6) drug or alcohol use, or (7) significant medical conditions. In a confidential conference prior to the study, the adolescents were also interviewed to confirm that none of these conditions existed. Control participants were recruited to match the age and gender of patients as closely as possible.
The methods and procedures for this study were reviewed and approved by the Committee for the Protection of Human Subjects at the University of Texas Health Science Center at Houston. A patient's capacity to give informed consent was confirmed by an independent patient advocate, while control participants were assessed by one of the experimenters during screening. In either case, informed written consent was obtained from both the adolescent and their legal guardian. The study was explained as a study of memory and psychomotor performance and the relation of these processes to personality measures.
Each participant was paid between $35 and $40 for completing this study (based in part on their performance on the behavioral tasks). Upon admission into the study, partiCipants underwent two interviews to confirm group eligibility. First, each participant was administered the computerized version of the DiagnostiC Interview Schedule for Children Version IV (DISC; Shaffer, Fisher, Lucas, Dulcan, & Schwab-Stone, 2000) by a trained interviewer (an investigator or a psychiatry resident). Patient diagnoses were based on DSM-IV criteria using a best estimate diagnosis from multiple informants (Leckman, Sholomskas, Thompson, Belanger, & Weissman, 1982) , where self-reported symptomatology during the DISC-IV clinical interview was merged with symptomatology documented in the patient's chart by primary caregivers and hospital staff. The diagnosis was determined by the clinical research team, consisting of the research psychiatrist, the attending psychiatrist, and a research postdoctoral fellow during a weekly consensus meeting where information from all sources was evaluated. Second, each participant was administered the Wechsler Abbreviated Scale of Intelligence (WASI; The Psychological Corporation, 1999). Patient urine drug screens were performed by a reference laboratory (LabCorp, Houston, TX) during hospitalization and control participant urine screens were performed using the EMIT d.a.u. urine assay (Dade Behring Diagnostics, San Juan Capistrano, CA). Presence of a significant medical condition was determined by a physical examination and a records review for patients, and by a medical interview with parents of controls.
Procedure
Participants completed a battery of laboratory tasks and collateral measures (duration approximately 3 hr, excluding breaks) and were instructed that payment was based in part on how accurately they performed. Patients were tested in a vacant office adjacent to the adolescent unit under the supervision of an experimenter. The testing room was arranged such that the experimenter was removed from the participant's line of sight (via use of a screen) during testing. Controls completed testing in sound-attenuated chambers located in an outpatient research facility.
Immediate and Delayed Memory Tasks (/MTIDMT)
The IMT/DMT (Dougherty, 1999; Dougherty et aI., 2002; Dougherty & Marsh, 2003 ) is a modified Continuous Performance Test (Cornblatt, Risch, Faris, Friedman, & Erlenmeyer-Kimling, 1988; Rosvold, Mirsky, Sarason, Bransome, & Beck, 1956 ) developed to be a flexible research tool, whereby multiple parameter settings can be manipulated by the researcher. Specifically, this task was designed to maximize performance differences between high functioning populations and to produce levels of baseline performance (particularly impUlsive-type responding) that would be sensitive to improvement or deterioration produced by experimental manipulation or group differences. The IMT/DMT has two task components (IMT and DMT). In each, a series of 5-digit numbers (e.g., 38391) is displayed in black and centered in a white background on a computer monitor. Each digit measures approximately 2.8 cm wide by 4.3 cm high. Average distance from the computer monitor is 51.0 cm; at this distance a person with a minimum of 20/1200 visual acuity can read the stimuli (see Dougherty et aI., 2002) . The sequence of numbers is randomly generated and each number appears for 500 msec at a rate of one per second. The participant is instructed to click a mouse button only when he/she identifies two identical numbers presented in sequence. The two tasks alternate in 5-min testing blocks and are repeated twice per testing session, with the IMT always presented first (i.e., IMT/DMT/IMT/DMT). Each testing block is separated by a 30-s rest period and the resulting testing session lasts exactly 21.5 min.
The three main types of numeric stimuli common to both tasks are target, catch, and filler stimuli: (1) a target stimulus is a 5-digit number that is identical to the preceding number. The participant is instructed to respond only to these matching numbers and not to respond to numbers that do not match. Responses to target stimuli are recorded as correct detections; (2) a catch stimulus is a number that differs from the preceding number by only one digit (its position and value determined randomly). Responses to catch stimuli are recorded as commission errors, which are the primary dependent measure of impulsivity for the IMT/DMT. Commission errors are often attributed to an inability to refrain from responding before the stimulus is fully processed and have been found to be elevated in impulsive populations (Dougherty, Bjork, et aI., 2000; Dykman, Ackerman, & Oglesby, 1979; Erlenmeyer-Kimling & Cornblatt, 1987; Halperin et aI., 1991; Koch & Morguet, 1985; Nuechterlein & Dawson, 1984; Shapiro & Garfinkel, 1986) . The proportion of commission errors to correct detections (the ratio) may be calculated as a more accurate index of impulsive-type responding (see Dougherty, Marsh, et aI., 2000) ; and (3) a filler stimulus is a random 5-digit number that appears whenever a target or catch trial is not scheduled to appear. Responses to filler stimuli are designated filler errors. For any given trial, the probability of either a target or catch stimulus presentation is 33% and the probability of a filler stimulus presentation is 34%. The numbers of responses made to each of these types of stimuli are recorded along with the response latencies.
The difference between the IMT and DMT is the duration between stimuli to be compared. In both task components, all stimuli appear for 500 msec with a 500-msec intertrial interval (where the monitor's screen is completely white). In the IMT condition participants compare successive stimuli (separated by 500 msec). In the DMT condition, however, comparison stimuli are separated by three repetitions of a distracter stimulus. The distracters are 5-digit numbers (always "12345") presented three times between the numbers the participants are to compare. For example, a DMT target sequence could be: "48593," "12345," "12345," "12345," "48593." Instructions are the same as for the IMT with the addition that participants are to ignore the "12345" numbers. Inappropriate responses to distracter stimuli are considered distracter errors. Therefore, in the IMT partiCipants remember and compare numbers spanning a 500-msec period, while in the DMT participants remember and compare numbers spanning a 3500-msec period.
Collateral Measures of Impulsivity
Three collateral measures were included for the purpose of concurrent validation of the IMT/DMT. One self-report and two performance-based measures were selected because they have traditionally been related to differences unique to highly impulsive groups.
Barratt Impulsiveness Scale (BIS). The BIS. (version 11; Patton et aI., 1995) is a 30-item self-report questionnaire containing items related to the frequency of several common impulsive (e.g., "I do things without thinking") and nonimpulsive (e.g., "I am self-controlled") behaviors/traits.
Items are scored on a 4-point scale (1 = Rarely/Never, 2 = Occasionally, 3 = Often, 4 = Almost Always/Always), with higher scores indicating greater impulsivity (ranging from 30 to 120). The BIS yields three subscale scores: Motor, Attentional, and Nonplanning. The validity of the BIS has been established by numerous studies (e.g., Stein, Hollander, Simeon, & Cohen, 1994) .
Trail Making Test. The Trail Making Test is composed of two sections (Trails A and Trails B; Army Individual Test Battery, 1944; Reitan, 1958) ; each section is composed of circles that participants must connect using a pencil. Trails A consists of 21 circled numbers distributed across a page and participants connect the circles in sequential order as quickly as possible. Trails B is similar to Trails A, but 8 of the 15 circles each contain a number (1-8) and the 7 remaining circles contain a letter (A-G). The participant must connect the circles sequentially as quickly as possible, alternating between numbers and letters. The Trail Making Test, especially the Trails B, has been reported in a number of instances to be sensitive to persons with impulse control problems (Gansler et aI., 1998; Lezak, 1995) , including impulsive aggression (Barratt & Patton, 1983; Stanford et aI., 1997) .
Time Estimation. For this test, participants were asked to estimate the passage of 1 minute for three trials. This version was a computerized test in which participants were instructed to start and stop their estimate of 1 minute by clicking the left mouse button. After each estimate, the screen displayed the actual time interval between the start and stop responses to provide feedback. Highly impulsive samples are reported to underestimate the passage of time (Barratt & Patton, 1983; Lawrence & Stanford, 1999) and scores on time measures are negatively correlated with a cognitive subscale score of the Barratt Impulsiveness Scale (version 10; Barratt, 1985) . However, the consistency of these results is partially dependent upon the duration of time interval used, with longer periods of time (like the 1-min interval used here) showing sensitivity to group differences where shorter timed trials (e.g., 10 s, 15 s, and 25 s, but not 5 s) generally fail to distinguish groups (Barratt & Patton, 1983; Lawrence & Stanford, 1999) .
Data Analysis
We hypothesized that the hospitalized adolescents with DBDs would exhibit the following task behaviors compared to controls: (1) greater rates of commission errors during both the IMT and the DMT, (2) longer completion times on the Trail Making Test, and (3) shorter estimates of the passage of time. For the IMT, DMT, and Time Estimation, between-group repeated-measures analyses of variance were used with block as the withinsubject factor and group as the between-subject factor. Similarly, gender differences were also initially tested. Specifically, for the IMT and DMT a 2 x 2 (group x block) ANOVA was used to test for performance changes across testing blocks and a 2 x 2 (group x gender) ANOVA was used to test for performance differences between boys and girls. As in previous studies, because no block or gender effects were observed, data was averaged across blocks and gender for all subsequent analyses. There were no violations of assumptions of homogeneity of variance of repeated-measures ANOVA. For the BIS and Trail Making Test, between-group univariate analyses of variance were conducted.
The estimate of effect size was reported as an indicator of the magnitude of group differences Cohen, 1988) . For one-way analyses of variance, / scores of .10, .25, and .40 are conventional definitions of small, medium, and large effect sizes, respectively (Cohen, 1992) .
Also, because impulsivity, aggression, and error rates in rapid stimulus evaluation tasks like the CPT (i.e., IMT/DMT) have been shown to inversely correlate with 10 (Barratt, Stanford, Kent, & Felthous, 1997; Milich, Hartung, Martin, & Haigler, 1994; Stanford & Barratt, 1996) , WAS I Full Scale 10 scores were used as a covariate in parametric analyses of the primary variables of the IMT/DMT in both the a priori two-group analyses and in post-hoc tests.
The remainder of between-group differences was assessed using independent t tests. Significance criterion in all comparisons was set at p < .05. Spearman's rho correlations with one-tailed tests of significance were calculated to compare the association between the IMT/DMT and the collateral impulsivity measures. The use of the one-tailed tests of significance is consistent with the directional nature of the hypotheses for the relationship of the IMT/DMT commission errors with the BIS, Trail Making Test, and Time Estimation Task, each of which has a nonarbitrary (i.e., directional) scale of measurement. The data in this paper are derived from a large project. In another paper (Dougherty et aI., in press) we compare two common theoretical approaches, rapid-decision versus reward-directed paradigms, using four different tasks that measure laboratory behavioral impulsivity. In the present paper we explore the concurrent and criterion validity of one of those measures (the IMT/DMT).
Results
Each group (n = 22) consisted of 12 male and 10 female participants. The mean age of DBD patients and controls was similar by design and the groups did not significantly differ in age, gender, or ethnicity (see Table 1 ). The DBD patients had significantly lower Verbal, Performance, and Full Scale 10 scores on the WASI than controls had. Because the 10 scores of the two groups were statistically different (see Table 1 for M, SO, and p values), subsequent analyses were also conducted with 10 as a covariate (see below). DBD diagnoses for patients appear in Table 2 . Of the 26 control applicants interviewed, 4 were excluded during the screening battery due to the presence of a psychiatric disorder. An additional 5 patient applicants were excluded due to either an 10 below 70 (n = 1), discontinued participation (n = 2), or failure to comprehend the instructions of the IMT/DMT (n = 2). None of the participants had a drugpositive urine sample (for marijuana, cocaine, amphetamines, or opiates). Pharmacotherapy was prescribed and initiated within the first 3 days (as was behavioral testing) for DBD patients; these treatments included antidepressants (n = 14; primarily serotonergic), mood stabilizers (n = 8), antihypertensive (n = 2), and antipsychotic (n = 1) medications. 
IMTIOMT
Initial analyses indicated that there were no significant changes in IMT and DMT performance across the testing session (i.e., no "block" effects) and no main or interaction effects of gender. Therefore, the data were collapsed across gender and across the two testing blocks for both IMT and DMT in the analyses below.
Correct detections. Mean rates of correct detections tended to be lower for patients during both the IMT [group effect ANCOVA F(1, 41) = Ratio of commission errors to correct detections (Figure 1 ). Because correct detections showed a tendency towards group differences, the proportion of commission errors to correct detections was calculated and analyzed between groups. Using the proportion of commission errors relative to correct detections provides a more stable measure by controlling for individual and group differences in overall response rates (Dougherty, Marsh, et aI., 2000) . This ratio showed a marked elevation in impulsive responding for DBD patients on both subtasks Because previous studies have found the relationship between latency and commission error rates to be another important indicator of impulsivity (Dougherty, Bjork, et aI., 2000; Halperin et aI., 1995) , we examined the relationship between latencies and commission error rates. Spearman's rho correlations revealed a significant negative association, which showed higher commission error rates corresponded to shorter latencies for both IMT (r = -.297, P = .02) and DMT (r = -.372, P = .007).
Collateral Measures
Means, standard deviations, and significance levels for the collateral impulsivity measures of the Barratt Impulsiveness Scale, Trail Making Test, and Time Estimation appear in Table 1 . As expected, the DBD patients had more impulsive-type performance for each of these measures compared to controls.
Barratt Impulsiveness Scale (BIS). Correlations. All correlations between the IMT/DMT and collateral measures were calculated using rank order Spearman's rho (Table 3) . The BIS Total and Nonplanning scales showed positive relationships with both the IMT and the DMT Ratio scores. While the Attentional subscale was also positively related to both variables, only the correlation with the DMT Ratio showed a significant relationship. The Motor subscale did not share a meaningful relationship with either IMT or DMT Ratio scores. The Trail Making Test and Time Estimation Task also showed significant correlations with the IMT and DMT Ratio scores (Table 3) . As expected, longer completion times for both Trails A and Trails B corresponded to higher rates of commission errors relative to correct detections (the ratio) for both the IMT and DMT. Conversely, as predicted in our hypothesis, higher rates of commission errors corresponded to shorter time estimates during the Time Estimation Task.
While correlational analyses provides a summary of all subjects scores, in terms of prediction, individual test scores also are revealing. For this purpose raw data for the two lowest and highest ranked Immediate Memory Task commission error scorers are presented in Table 4 . 
Post-hoc Analyses: Physical Aggression as a Predictor of Impulsivity
To examine differences between subtypes of patients, a parallel posthoc series of analyses was conducted comparing controls with the aggressive (DBDF+; n = 13) and nonaggressive (DBDF-; n = 9) subpopulations of adolescents with DBD. A patient's history of initiating physical aggression was determined using procedures from Halperin and colleagues (1995) in which fighters were classified on the basis of responses to questions on the diagnostic interview (i.e., DISC-IV) indicating multiple incidents of initiating physical aggression toward other people and/or animals that was unprovoked or out-of-proportion to eliciting stimuli. In other words, patients were classified into the DBDF+ group if the patient's chart history and his/her self-endorsement during the DISC-IV indicated a history of initiating physical fights. This was of interest because aggression (toward people or animals) appears to be the best predictor of impulse control problems extending into adulthood (Farrington, Loeber, & van Kammen, 1990; Loeber, Green, Lahey, & Kalb, 2000) . Several studies distinguishing physical aggression from other aspects of disruptive/antisocial behaviors have indicated that the persistence of physical aggression into middle childhood is the most important predictor of treatment outcome (Loeber, Green, Lahey, Christ, & Frick, 1992; Loeber et aI., 1993) . And it is the aggressive group, at least among children, who emit the most impulsive responses on CPT tasks (Halperin et aI., 1995) .
The control, DBDF-, and DBDF+ groups did not Significantly differ in age or gender. There was a significant difference, however, between the two DBD groups in terms of ethnicity (see Table 1 ). Because there was a significant group effect for 10 [F(2, 40) = 9.61, P < .001], all parametric analyses of the behavioral measures were conducted with the WASI Full Scale 10 scores as a covariate.
IMTIOMT
Correct detections. The trend toward a group effect for correct detections found in the a priori analysis above, achieved statistical significance in this post-hoc analysis. Even when controlling for la, there were significant group Ratio of commission errors to correct detections ( Figure 2) . As in the a priori analysis (above), to correct for individual Performance differences, the proportion of commission errors made relative to the number of correct detections was computed. There was a significant group effect for these ratio scores on both tasks [ANCOVA, IMT: F{2, 40) = 14.01, P < .001, 1= .84; DMT: F{2, 40) = 8.56, P = .001, I = .66]. For both IMT and DMT, independent t tests indicated that the DBDF+ had a significantly higher (p < .01) proportion of commission errors relative to correct detections compared to both control and DBDF-groups.
Discussion
The two primary aims of this study were to compare Continuous Performance Test responses (using the IMT/DMT) between adolescents with and without disruptive behavior disorders (DBD) and to validate expected behavioral differences through comparison with other collateral measures. The most important finding was that, when compared to controls, the adolescents with DBD exhibited higher commission error rates (impulsivetype responses), even after correcting for individual differences in intellectual ability and/or performance. A post-hoc analYSis showed that both the IMT and DMT differentiated patients with a history of physical fighting (DBDF+) from patients with no history of fighting (DBDF-) and indicated that group differences in commission errors increased in a stepwise manner (control < DBDF-< DBDF+). Finally, IMT/DMT behavioral performance showed significant associations with the Barratt Impulsiveness Scale, Trail Making Test, and the Time Estimation task, measures all previously related to the construct of impulsivity.
The main hypothesis that commission errors on the IMT/DMT would differ as a function of group membership was confirmed. As predicted, the DBD group emitted more commission errors, even when correcting for differences in general attention (Le., proportion of commission errors to correct detections) and 10 (i.e., WAS I Full Scale score). Although previous studies have found that 10 is related to impulsive behaviors (Milich & Kramer, 1984; Wiehe, 1987) , statistically contrOlling for the relative contributions of 10 in the current study had little effect on our dependent measures. Similarly, post-hoc analyses revealed that the DBDF+ patients had the highest rates of commission errors that were significantly elevated relative to both the control and the DBDF-groups. DBDF-patients did emit higher rates of commiSSion errors than controls, although this difference was not statistically significant. These findings are consistent with previous research using self-report measures, which indicate that impulsivity is elevated among DBD patients (Daderman, 1999; Tranah et aI., 1998) , especially among those with a history of fighting (Farrington et aI., 1990; Loeber et aI., 2000) . Confirmation of these predicted group differences on the IMT/DMT supports the contention made in previous CPT literature (e.g., Dougherty, 1999; Dougherty, Bjork, et aI., 2000; Dougherty, Marsh, et aI., 2000; Dougherty, Moeller, et aI., 1999; Halperin et aI., 1988 Halperin et aI., , 1991 Marsh et aI., in press; Mathias, Dougherty, et aI., 2002; Smith, Kendrick, & Maben, 1992; Sostek et aI., 1980; Sykes et aI., 1973; Wohlberg & Kornetsky, 1973 ) that certain types of commission errors are related to patterns of observed impulsive behavior.
Few studies have found any significant difference between control and DBD performance on CPT commission error rates. Although one previous CPT study has reported greater impulsive performance in DBD fighters over nonfighters (Halperin et aI., 1995) , none of the reports (Le., Halperin et aI., 1990 Halperin et aI., , 1993 ) using adolescents with DBD or conduct disorder (CD) showed any elevation of commission errors relative to normal controls. This has led to the conclusion that CD patients generally perform as well as normal children on CPTs (Riccio et aI., 2001, p. 202) , which does not appear to be the case in terms of IMT/DMT performance. The reason for the discrepancy between the current findings and this previous research is likely due to task-specific factors such as stimulus complexity and timing. The previous DBD or CD studies have all used the Conners CPT that involves presentation of individual letters, one at a time with fairly long interstimulus intervals (1 to 4 s; Conners, 1995) resulting in a floor effect with very low frequency of commission errors. For example, O'Brien and colleagues (1992) report an average of only five commission errors per session for CD patients. In contrast, the IMT/DMT uses more complex stimuli (Le., 5-digit numbers) with relatively short interstimulus intervals and perhaps more importantly incorporates stimulus items very similar to target stimuli (Le., sharing four of five digits with a target). These provisions generally result in a fairly high response rate (e.g., 27%-43% for a priori group comparisons in the current study) and greater variability in the range of commission errors thereby allowing for improved ability to statistically detect between-group performance differences when they exist (Dougherty, Bjork, et aI., 1999) . Easier tasks originally designed for use with young children may not be appropriate for use with older or higher functioning populations (see Riccio et aI., 2001 , for a discussion).
The results of the scores on the collateral measures provided convergent evidence for elevated impulsivity among the DBD patients. The DBD group, and especially the DBDF+ group (see Table 1 ) responded in a more impulsive manner than the healthy controls. Similar to previous reports (e.g., Barratt & Patton, 1983; Dougherty, Bjork, et aI., 2000; Lawrence & Stanford, 1999) , our sample of DBD patients, particularly the DBDF+ group, tended to score higher on the BIS, have longer completion times on the Trail Making Test, and underestimate time. Recall that the BIS measures a tendency to endorse items related to the failure to plan, propensity toward action, and making rapid decisions; the Trail Making Test involves individual differences in the sequencing of cognitive and behavioral events; and the Time Estimation depends on "cognitive tempo," all of which are important aspects of the construct of impulsivity (Barratt & Patton, 1983) . Taken together these collateral measures confirmed previous evidence that these measures are indicators of impulsive group differences.
Additionally, the significant statistical relationships between the collateral measures (BIS, Trails A and B, and Time Estimation) and the IMT/DMT commission errors provide evidence of concurrent validity. Although the DBD group reported higher impulsivity on the BIS than the control group, these scores may have been artificially depressed in the patient group because the BIS contains queries that may be more suitable for older samples (e.g., questions about work). Despite this potential weakness, the IMT and DMT showed significant correlations with the BIS. In particular, the IMT was positively correlated with the Attentional and Nonplanning subscales, as well as the total score, while the DMT followed a similar pattern (correlation with BIS attentional scale was not statistically significant). In previous studies with adults, the commission errors on the IMT have shown the strongest association with BIS scores (Dougherty, Bjork, et aI., 2000) . Time estimations and commission error rates were strongly related and correlations between the Trail Making Test and commission errors (on both the IMT and DMT; .33 to .51) were higher than those previously reported (typically ranging from .26 to .34; Kardell, 1994, and Robins, 1992 , as cited in Riccio et aI., 2001) . Further, examination of raw scores finds a similar trend, with those participants with the highest IMT commission error rates also expressing relatively higher BIS scores, longer Trail Making Test completion times, and shorter estimates of time. In summary, these relationships demonstrate that there is overlap with other established indicators of impulsivity and at the same time indicate that the IMT/DMT is measuring dimensions of behavior that are unique.
A limitation of these analyses was that the majority of DBD patients were medicated. Despite the difficulty that medication poses in the interpretation of our results, there are several reasons to feel confident in our conclusions: (a) Many of these medications are prescribed to alleviate the symptoms of impulsivity and would therefore be expected to improve rather than impair patient performance. It should also be noted that, while only 2 of the 22 patients were not receiving medication (see Table 2 ), half of the patients were receiving antidepressants that produce few, if any, debilitating side effects to interfere with experimental testing and where the full antidepressant effect may be delayed until after 4 weeks of treatment or longer (patients were tested during the initial few days following initiation of pharmacotherapy); (b) those taking sedative-hypnotic medications (those most likely to confound motor control) were excluded; (c) the DBDF+ emitted significantly more commission errors than the DBDF-group, even though both groups were medicated patient samples. A number of additional analyses were conducted (not reported) comparing the patients on different classes of medications (i.e., antihypertensive, antipsychotic, mood stabilizer, and SSRI), and none of these analyses approached any significant differences between the patient medications and performance; and (d) an analysis of response latencies between patients and controls showed no difference (although latencies were correlated with rates of commission errors across groups), which would indicate that patients' abilities to perform these tasks were unlikely to have been impaired by medication. Thus, despite the potential confounding effect of medication, the current design provides further evidence that IMT/DMT commission errors are sensitive to behavioral differences among high impulsivity groups and have concurrent validity with other traditional selfreport and behavioral indicators of impulsivity.
Despite the unequal and relatively small sample sizes that differed in ethnic compOSition, the results of the post-hoc analyses of the subdivided DBD patient group (DBDF+ and DBDF-) were consistent with the theoretical justification and empirical evidence that persons exhibiting early onset physical aggression may be biologically and behaviorally distinct from other types of patients. For instance, the most important predictor of future development of a psychiatric disorder and of the degree of global impairment later in life is physical fighting in early childhood (Halperin et aI., 1995; Loeber et aI., 1992 Loeber et aI., , 1993 Loeber et aI., , 2000 Paternite, Loney, Salisbury, & Whaley, 1999) . Additionally, childhood physical aggression has frequently been demonstrated to be a useful grouping criterion in previous impulsivity studies (Dougherty, Bjork, et aI., 2000; Seguin, Boulerice, Harden, Tremblay, & Pihl, 1999) . Finally, behavioral aggression was also significantly correlated with impulsive CPT performance among children in a psychiatriC day treatment program (Atkins, Osborne, Bennett, Hess, & Halperin, 2001) . The correspondence of the current findings and previous reports adds confidence to our interpretation of the post-hoc results.
Conclusions
Current methodologies are inadequate for measuring the multidimensional construct of impulsivity, making the comparison and continued validation of repeatable, state-sensitive impulsivity measures important for future research.
In previous studies we have demonstrated that the IMT/DMT is a stable measure across sessions (Dougherty, Bjork, et aI., 2000; Dougherty, Moeller, et aI., 1999; Mathias, Marsh, et aI., 2002) , as well as being sensitive to fluctuations resulting from experimental manipulation of impulsive responding (Dougherty, Marsh, et aI., 2000; Dougherty, Moeller, et aI., 1999) . Collectively, these studies indicate that the IMT/DMT may be a useful tool for development of individualized treatment plans for youth with DBDs and may one day provide insights into the development and maintenance of these disorders in youth. In order for these tasks to be applied to these problems with confidence, continued basic research is necessary to establish the validity of IMT/DMT commission errors as a measure of impulsivity. While this study indicates that the IMT/DMT can discriminate groups, future studies will focus on determining whether this test has predictive value for an individual (Le., sensitivity, specificity, or predictive parameters), which is an important factor motivating much of the research concerned with developing objective behavioral measures of impulsivity (see Frick & Loney, 2000) . Improved methodologies will provide a better understanding of the behavioral and biological underpinnings of impulsive behaviors, which is relevant for both research and clinical purposes.
